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Matter-antimatter asymmetry

• BBN and CMB measurements
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≈ 6.1 × 10−10 [arXiv:1710.11129, 1807.06209]

• Baryon asymmetry production within the Standard Model from

symmetric initial conditions is under-abundant

• Any dynamical mechanism for the generation of baryon

asymmetry must satisfy the three Sakharov conditions [A. D. Sakharov, Pisma

Zh. Eksp. Teor. Fiz. 5 
(1967) 32–35]1. Baryon number violation

2. C & CP violation

3. Out of thermal equilibrium decays

Need New Physics!
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Majorana leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• A lepton number asymmetry is generated by out-of-equilibrium

decays of heavy Majorana neutrinos

[M. Fukugita and T. Yanagida, 
Phys. Lett. B 174 (1986) 45–47]

• [4] M. Fukugita and T. Yanagida, Phys.
Lett. B 174 (1986) 45–47
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and D. Wright [hep-ph/9907562]

• Neutrinos are Dirac-type and lepton number remains unbroken

• An initial asymmetry is sequestered in neutrinos long enough
for sphalerons to become inactive

• LR-equilibration processes wash out the

generated asymmetry

• Electrons are too heavy to escape washout,

but neutrinos can!

• While active, sphalerons convert the neutrino asymmetry into a BAU

What sources the sequestered asymmetry?
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BAU from scalar asymmetry
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Scalar asymmetry

BAU

Early universe

Lepton asymmetry

Dirac leptogenesis



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

5/9



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

• During reheating, the inflaton decays into (B)SM particles

5/9



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

• During reheating, the inflaton decays into (B)SM particles

• We make use of these dynamics as follows:

5/9



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

• During reheating, the inflaton decays into (B)SM particles

• We make use of these dynamics as follows:

1. Generate an asymmetry in the

scalar sector via CP-violating and

out-of-equilibrium inflaton decays

5/9



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

• During reheating, the inflaton decays into (B)SM particles

• We make use of these dynamics as follows:

1. Generate an asymmetry in the

scalar sector via CP-violating and

out-of-equilibrium inflaton decays

2. Sequester asymmetry in neutrinos

via Yukawa interactions

5/9



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

• During reheating, the inflaton decays into (B)SM particles

• We make use of these dynamics as follows:

1. Generate an asymmetry in the

scalar sector via CP-violating and

out-of-equilibrium inflaton decays

2. Sequester asymmetry in neutrinos

via Yukawa interactions

3. Transfer leptonic asymmetry to

baryons via weak sphalerons

5/9



Primordial Dirac Leptogenesis

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

• Connect Dirac Leptogenesis to reheating dynamics

• During reheating, the inflaton decays into (B)SM particles

• We make use of these dynamics as follows:

5/9

1. Generate an asymmetry in the

scalar sector via CP-violating and

out-of-equilibrium inflaton decays

2. Sequester asymmetry in neutrinos

via Yukawa interactions

3. Transfer leptonic asymmetry to

baryons via weak sphalerons



Minimal realization

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

𝐺 𝜙 ෠ℎ 𝜈𝑅

SU 2 𝐿 1 2 1

𝑍2 -1 -1 -1

6/9



Minimal realization

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

𝐺 𝜙 ෠ℎ 𝜈𝑅

SU 2 𝐿 1 2 1

𝑍2 -1 -1 -1

• Scalar interactions are CP-violating

ℒ ⊃ 𝑔ℎ𝜙𝑀𝑃𝑙𝜙ℎ
† ෠ℎ + 𝜆5 ℎ† ෠ℎ

2
+ h. c.

6/9



Minimal realization

Juan P. Garcés (MPIK) DESY Theory Workshop 2025

𝐺 𝜙 ෠ℎ 𝜈𝑅

SU 2 𝐿 1 2 1

𝑍2 -1 -1 -1

• Scalar interactions are CP-violating

ℒ ⊃ 𝑔ℎ𝜙𝑀𝑃𝑙𝜙ℎ
† ෠ℎ + 𝜆5 ℎ† ෠ℎ

2
+ h. c.

• An asymmetric scalar sector is obtained via the interference of
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෨෠ℎ𝜈𝑅 + h. c.

• Two important conditions must be satisfied

1. ෠ℎ must not develop a VEV

2. ෠ℎ must not reach thermal equilibrium

• If these are met, we get the following baryon asymmetry

𝜂𝐵 =
4(1 + 2𝑁𝑓)

9 + 14𝑁𝑓

𝑛𝜈 − 𝑛ഥ𝜈
𝑛𝛾

∝ 𝜆5 ⋅ arg 𝜆5 ⋅ 𝑔ℎ𝜙
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Cosmological evolution
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Summary and outlook
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• We implement Dirac Leptogenesis to translate an asymmetry produced in
an extended scalar sector during reheating to a BAU

• CP-violating inflaton decays source an asymmetry which is transferred to
leptons via Yukawa couplings and converted to a baryonic asymmetry via
weak sphalerons

• Only the asymmetry sequestered by neutrinos survives LR-equilibration

• A minimal realization extends the SM with a second doublet, a real
singlet inflaton and three sterile neutrinos, all odd under a dark-sector 𝑍2

• Future testability analysis will study potentially observable ΔNeff

contributions and gravitational wave signals produced during reheating
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Scalar asymmetry

BAU

• Asymmetry from non-vanishing Higgs chemical potential:
➢ G. Servant and S. Tulin, “Baryogenesis and DarkMatter through a Higgs Asymmetry,”

Phys. Rev. Lett.111 no. 15, (2013) 151601

➢ S. Davidson, R. González Felipe, H. Serôdio, and J. P.Silva, “Baryogenesis through split 

Higgsogenesis,” JHEP 11 (2013) 100

➢ V. Keus and E. W. Kolb, “Baryogenesis from primordial CP violation,” JHEP 07 (2025) 156

• CP-violation in the early universe:
➢ K. R. S. Balaji, T. Biswas, R. H. Brandenberger, and D. London, “Dynamical CP

violation in the early universe and leptogenesis,” Phys. Rev. D 72 (2005) 056005

• Inflation-sourced asymmetry + sequestering-mediated leptogenesis:
➢ N. D. Barrie and C. Han, “Affleck-Dine Dirac Leptogenesis,” [arXiv:2402.15245]

• Reheating-sourced asymmetry + sequestering-mediated leptogenesis:
➢ A. Ahmed, J. P. Garcés, and M. Lindner, “Primordial Dirac Leptogenesis,” [arXiv:2509.xxxx]
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